**Core tip:** In this work, we reported a rare case of primary hepatic neuroendocrine tumor. To our knowledge, the total number of cases does not exceed 150. The diagnosis, radiological features, treatment, and survival conditions vary among cases. Our case has two features that have not yet been reported in the literature: (1) The patient had a confirmed preoperative disease course of 26 years-the longest preoperative course among the reported cases; and (2) the lesion contained multiple calcifications, which is not reported previously.

INTRODUCTION
============

Primary hepatic neuroendocrine tumor (PHNET) is a rare hepatic space-occupying lesion. Thus far, the English literature mostly contains case reports, with the total number of cases not exceeding 150\[[@B1]\]. In these case reports, the lesion size, location, imaging manifestations, treatment methods, and treatment effects present a rich diversity. Here, we report a case with a huge PHNET with a preoperative course of 26 years and present a brief review of the literature. To the best of our knowledge, this PHNET case has the longest preoperative course, and it represents the only reported case with multiple calcifications in the tumor.

CASE REPORT
===========

A 56-year-old female patient sought treatment on her own in our hospital due to "liver space-occupying lesion for 26 years and bloating for six months" on June 2, 2010 and walked into the ward herself. In April 1984, the patient self-reported the symptoms of abdominal distension and intermittent abdominal pain but without nausea, vomiting, fever, yellow skin, sclera, increased heart rate, diarrhea, or flushing. B-mode ultrasound and computed tomography (CT) examination (Figure [1](#F1){ref-type="fig"}) found a liver mass, approximately 20 cm × 16 cm × 11 cm in size. The nature of the mass was uncertain, and there were no abnormalities identified in the complete blood test and in tests for liver function and alpha-fetoprotein. In July 1984, a famous surgeon in China conducted an exploratory laparotomy on the patient. During the surgery, it was found that the right hepatic artery was surrounded by a tumor and the hepatic vein was invaded. The tumor could not be removed, and constriction of the right hepatic artery and liver biopsy were performed. Postoperative recovery was uneventful. Postoperative pathology failed to determine the diagnosis but suggested the following possibilities: (1) Hepatocellular adenoma; (2) highly differentiated hepatocellular carcinoma; or (3) sinusoidal dilatation and hemorrhage. The long-diameter of the tumor was reduced to 18 cm after surgery, and the patient was followed up intermittently for 26 years (Figure [2](#F2){ref-type="fig"}). No significant increase in liver mass was observed and no significant discomfort was reported. But at the beginning of 2010, the patient reported gradually aggravated abdominal distention with occasional abdominal pain. An examination revealed increased liver tumor size, and the patient exhibited a weight loss of 10 kg in 6 mo.

![May 1984 computed tomography scan revealed a giant, heterogeneous tumor in the right liver with internal calcifications, but the nature of the tumor was not clarified. This may be an examination conducted by the first computed tomography scan machine in China.](WJG-24-2640-g001){#F1}

![Computed tomography images of the patient in 1985, 2004, and 2010, respectively.](WJG-24-2640-g002){#F2}

Upon physical examination, a hard mass with an uneven surface was identified in the right upper abdomen; the boundary of the mass was not clear, there was no significant tenderness, the mass could not be moved easily, and there were no other positive findings (Figure [3](#F3){ref-type="fig"}).

![Enhanced computed tomography scan after admission in 2010. A: Routine (noncontrast) scan: A huge space-occupying lesion of the right liver, with a size 20 cm × 16 cm × 11 cm. The internal density was heterogeneous, and liquid density and multiple enveloped calcifications could be observed; B: Arterial phase: the tumor parenchyma showed substantial and uniform enhancement; C: Portal vein phase: the tumor parenchyma did not show rapid subsidence and still showed higher densities.](WJG-24-2640-g003){#F3}

After admission, the patient underwent routine blood tests, including examinations of complete blood count, liver and renal function, electrolytes, coagulation function, and tumor markers, along with gastrointestinal endoscopy and pulmonary imaging. No abnormal findings were found.

Although the nature of the tumor was not clarified following the examination conducted in 1984, the previous pathological results indicated a benign liver tumor. Therefore, surgery should have been the first choice of treatment. Although the tumor was not successfully resected in 1984, liver surgery has made tremendous progress over the past 26 years owing to great advances in radiology and liver transplantation. Therefore, the resectability of the case was re-evaluated systematically.

In accordance with the preoperative assessment strategy for a large-scale liver resection, the team of doctors further evaluated the hepatic vascular anatomy, liver volume, and hepatic reserve function of the patient. The patient's CT was used for three dimensional (3D) visualization of the liver and the design of virtual surgeries (Myrian, France) to derive liver volume information and to assist in surgical decisions. Liver reserve function was evaluated by Indocyanine Green (ICG) test and ^99m^Tc-galactosyl human serum albumin scintigraphy (GSA) test. Two clinicians with more than 10 years of liver surgery experience independently reviewed tomographic images and reconstructed 3D images to evaluate the feasibility of lesion resectability and then discussed for last decision.

Both surgeons unanimously confirmed that the arterial, portal, and hepatic veins in the left lateral lobe of the liver could be fully displayed on the tomographic images and that their distances to the tumor allowed safe manipulation for the surgical procedures. Liver volume calculations revealed Future Liver Remnant (FLR) 1060 ml according to the design of right hepatic trisegmentectomy. The ICG reserved in 15 min (R15) was 1.4%. ^99m^Tc-GSA showed a valid functional liver volume of 749 mL and a functional liver volume of 660 mL in the left lobe, accounting for 88.1% of the total functional liver volume. Based on the above results, right hepatic trisegmentectomy was determined to be safe and feasible.

The surgery was conducted on June 30, 2010. After careful exploration of the stomach, small intestine, colon, and pancreas after laparotomy, no tumor lesions were found. The surgery was conducted in accordance with an anatomical right hepatic trisegmentectomy and lasted for 8 h. The intraoperative bleeding was 1600 mL, and the specimen weight was 3952 grams (Figure [4](#F4){ref-type="fig"}). Postoperative recovery was successful; the patient was discharged after 10 d without complications.

![Surgical procedures. A: Separation of the hepatic artery, suspension of the left hepatic artery, and the right hepatic artery was ligated and transected; B: Separation of the portal vein and bile duct. The right hepatic duct was transected and sutured; C: Separation of the right portal vein; D: Splitting the liver parenchyma to the inferior vena cava; E: Severing of the right hepatic vein using the stapler; F: Condition after surgical resection, showing that the left hepatic artery, left portal vein, and left hepatic duct were structurally intact; G: The remaining liver after resection was ruddy in color, with no ischemia or blood stasis; H: The specimen weight was 3952 g.](WJG-24-2640-g004){#F4}

Postoperative pathology: acinar and daisy clumpy structures could be seen under light microscope, and some areas were beam-like and had rich sinusoids. The tumor size was 26 cm × 23 cm × 8 cm, and mitotic phases were rare (0-1/10 high power field). Immunohistochemistry revealed cluster of differentiation 56 (+), synaptophysin (+), vimentin (-), P53 (-), chromogranin A (-), Ki-67 index \< 1%, and cytokeratin (++) in the tumor. The final diagnosis was PHNET G1; TNM stage: T1b.

The patient was followed up in our hospital 1, 3, 6, and 12 mo after surgery and was then followed by telephone or in-hospital once each year. Follow-up included blood tests and radiological examinations. The last follow-up was conducted on August 2016 in our outpatient department. The patient had no signs of tumor recurrence and had a good quality of life.

DISCUSSION
==========

Neuroendocrine tumors (NETs) are relatively rare tumors, accounting for roughly 0.46% of the malignant lesions of the gastrointestinal tract and bronchial lungs and approximately 2% of gastrointestinal malignancies\[[@B2]\]. Data from SEER (Surveillance, Epidemiology and End Results Program, United States) show that the incidence of NET has been on the rise in the recent 30 years\[[@B3]\]. This increase may be related to the increasing awareness of NET among clinicians and the progress of diagnostic experience/technology.

Approximately 67% of NETs come from the gastrointestinal tract, and approximately 25% come from the lungs; the rest come from other organs, such as thyroid, pancreas, esophagus, and biliary tract. Among NETs found in the liver, approximately 80% are metastatic, while primary hepatic neuroendocrine tumor (PHNET) is very rare, accounting for roughly 0.4% of all cases of NET\[[@B3]\]. In the current English literature, the number of all reported PHNET is less than 150.

The majority of PHNET cases are found in Asians\[[@B4]\]. The tumor is often found in middle-aged patients, mostly aged 40 and older, and it affects slightly more female than male patients. Upper abdominal pain is the most common symptom, and approximately 5% of patients may have carcinoid syndrome\[[@B5]\]. Some patients are asymptomatic, and the tumors are accidentally found in imaging. Preoperative blood laboratory tests are generally normal, and CEA, AFP, and CA19-9 generally have negative changes. Lesions can occur as single lesions, but there can also be multiple lesions. Single lesions in the liver occur with equal probabilities on the right and left hepatic lobes.

Because of the limited number of cases, there are few articles devoted to the characterization of the imaging features of PHNET. Recently, two reports by Chinese scholars described the ultrasonographic features of ten and six PHNET cases, respectively\[[@B6],[@B7]\]. B-mode ultrasound examination showed that the majority of tumors were mixed hyperechoic, and a few were iso- or hypoechoic. In CEUS, more than 80% of cases can be characterized by an enhancement of the tumor parenchyma at the arterial phase and expurgation at the portal vein/balance phase\[[@B6],[@B7]\]. Enhanced tomographic examination (CT/MR) findings include (1) tumor with heterogeneous mixed signals; (2) slight or significant enhancement of the parenchyma or peripheral enhancement during the arterial phase, followed by subsidence or continuous increase; and (3) huge lesions often presenting cystic areas, which may be bleeding (MR T1 high signal, T2 low signal)\[[@B7]-[@B10]\]. On positron emission tomography (PET), PHNET may show high uptake of F-18 deoxyglucose (F-18 FDG). PET may be helpful in diagnosis\[[@B11]\]. However, these features are similar to the features of HCC, lacking the specificity of PHNET, and the imaging performance varies from patient to patient. Therefore, it is difficult to confirm the diagnosis of PHNET using preoperative imaging alone. Currently, the established method to diagnose NET is labeled octreotide radionuclide imaging, with a reported sensitivity of up to 85%-90%. Another function of this approach is to predict the sensitivity of NET to somatostatin treatment\[[@B1],[@B12],[@B13]\].

The confirmation of PHNET diagnosis requires both preoperative and postoperative processes. After considering PHNET diagnosis, we should first rule out primary lesions in other organs. PET-CT, gastrointestinal endoscopy, and a series of examinations are often conducted, focusing on the stomach, small intestine, colon, pancreas, and appendix. After excision of the liver lesion, pathological and immunohistochemical examinations are required to confirm the diagnosis of NET. Long-term follow-up is required, and the absence of NET lesions in any other organs is required to establish the diagnosis of PHNET. This patient underwent gastrointestinal endoscopy and lung CT examination, and no lesions were found. After 26 years of preoperative course and 7 years of postoperative follow-up, no other lesions were found except in the liver. Finally, we confirmed the diagnosis of PHNET.

There is no clear treatment recommendation for PHNET. However, most authors in the literature conducted hepatectomies for resectable lesions\[[@B6],[@B14]-[@B17]\]. The 5-year survival rate after hepatectomy ranges from 74%-78%, and the recurrence rate is approximately 18%\[[@B18]\]. Other treatments include trans-arterial embolization, liver transplantation, and radiofrequency ablation. However, no survival data have yet been found because of the limited number of cases. It is noteworthy that the postoperative recurrence of PHNET may not be in the immediate postoperative period, and there are reports of lesion recurrence 10 to 13 years after surgery\[[@B19],[@B20]\]. Therefore, long-term follow-up after surgery is very important.

To the best of our knowledge, our case has two features that have not yet been reported in the literature: (1) The patient had a confirmed preoperative disease course of 26 years-the longest preoperative course among the reported cases; (2) the lesion contained multiple calcifications, which is a previously unreported feature. These findings once again show that G1 PHNETs may be slow-growing tumors with heterogeneous internal components, the characteristics of preoperative imaging examination can vary, and patients can have a long-term survival with the tumor.

Another interesting fact in the treatment of this case is that this patient waited a long time and gained new surgical opportunities after the previous surgery failed to remove the tumor. The tumor progressed very slowly during the waiting period, but improvements in liver surgery occurred rapidly. Since 1984, great advances have been made in radiology, liver transplantation, and liver surgery, both globally and in China. Evaluation of liver volume, evaluation of liver reserve function, isolation and control of liver blood vessels, vascular reconstruction, and other key surgical techniques of liver surgery continue to be established and improved, and more and more Chinese surgeons have mastered and used these new techniques. In the 1980s, China's top liver surgeons could not surgically remove giant liver tumors, which now can be cured\[[@B21]-[@B23]\]. The reported case is a good example demonstrating the technical progress of liver surgery in China.

ARTICLE HIGHLIGHTS
==================

Case characteristics
--------------------

The female patient suffered a giant but slow-growing, mild symptom right hepatic tumor for 26 years before definitive surgery, and the diagnosis was confirmed as primary hepatic neuroendocrine tumor (PHNET). Surgical removal leads to a good long-term disease free survival.

Clinical diagnosis
------------------

The female patient had no obvious symptoms but abdominal distension and intermittent abdominal pain.

Differential diagnosis
----------------------

In the first surgery in 1984, tumor biopsy was performed and three differential diagnoses were considered: (1) Hepatocellular adenoma; (2) highly differentiated hepatocellular carcinoma; and (3) sinusoidal dilatation and hemorrhage.

Laboratory diagnosis
--------------------

No abnormal findings were found in preoperative laboratory tests, including blood regular test, liver and renal function, tumor markers, *etc*.

Imaging diagnosis
-----------------

Computed tomography scan showed a huge space-occupying lesion of the right liver, with the heterogeneous internal density and multiple enveloped calcifications.

Pathological diagnosis
----------------------

Histological and immunochemical exams confirmed acinar and daisy clumpy structures under light microscope. Some areas were beam-like and had rich sinusoids, and mitotic phases were rare (0-1/10 HPF). Cluster of differentiation 56 and synaptophysin were positive, and Ki-67 was \< 1% in the tumor.

Treatment
---------

Patient accepts definitive surgery, and the tumor was removed thoroughly.

Related reports
---------------

PHNET is a kind of very rare primary hepatic lesion. The symptoms, radiological findings, clinical course, therapy methods, and patients' survival conditions are variable between different cases. Although PHNET should be a differential diagnosis in liver tumors, it is very difficult to confirm this diagnosis before pathological examination. Different therapy methods have been used to treat PHNET. Surgery should be the first choice if possible.

Term explanation
----------------

Neuroendocrine Tumor (NET), previously named carcinoid tumor, is a kind of rare tumor. NETs always originate from gastrointestinal tracts or bronchial lungs. NETs in liver are rare, and about 80% of them are metastasis tumors. PHNET is extremely rare, accounting for roughly 0.4% of all cases of NETs, and it is difficult to differentiate from other liver tumors, such as hepatocellular carcinoma and adenoma.

Experiences and lessons
-----------------------

In this rare, slow growing PHNET case, we find that methods and the possibility of treatment may change along with technology progress, such that definitive treatment may be achieved after long-time conservative treatment.
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